M. gallisepticwn causing growth and metabolic inhibition of these organisms were localized in the cell membrane. Various membrane fractions were tested for serological activity. Membrane lipids were completely or almost completely inactive, whereas several preparations of defatted membrane proteins retained some serological activity, shown by their ability to stimulate metabolic inhibition antibody in rabbits and to adsorb metabolic inhibition antibody and form precipitation lines with an antiserum to the membrane. When the membranes were heated to 65 C for 1 hr, they virtually lost their ability to adsorb metabolic inhibition antibody, which suggests that the antigenic determinants are proteins. Serological activity was retained in reaggregated membranes obtained by dialysis against Mg2+ of membranes solubilized in sodium dodecyl sulfate. The amount of solubilized membrane protein and lipid incorporated into the reaggregated membranes could be regulated by varying the Mge concentration. As the serological tests indicated that the various membrane antigens were selectively incorporated into the different reaggregated membranes, the use of controlled reaggregation of solubilized membranes is suggested as a new tool for the fractionation and antigenic analysis of membrane proteins.
The antigens responsible for the production of antibodies to Mycoplasma laidlawii and M. gallisepticwn causing growth and metabolic inhibition of these organisms were localized in the cell membrane. Various membrane fractions were tested for serological activity. Membrane lipids were completely or almost completely inactive, whereas several preparations of defatted membrane proteins retained some serological activity, shown by their ability to stimulate metabolic inhibition antibody in rabbits and to adsorb metabolic inhibition antibody and form precipitation lines with an antiserum to the membrane. When the membranes were heated to 65 C for 1 hr, they virtually lost their ability to adsorb metabolic inhibition antibody, which suggests that the antigenic determinants are proteins. Serological activity was retained in reaggregated membranes obtained by dialysis against Mg2+ of membranes solubilized in sodium dodecyl sulfate. The amount of solubilized membrane protein and lipid incorporated into the reaggregated membranes could be regulated by varying the Mge concentration. As the serological tests indicated that the various membrane antigens were selectively incorporated into the different reaggregated membranes, the use of controlled reaggregation of solubilized membranes is suggested as a new tool for the fractionation and antigenic analysis of membrane proteins.
Several recent reports indicate that the major immunogens of the mycoplasma cell are localized in the membrane. Phospholipids and glycolipids of the cell membrane of Mycoplasma pneumoniae were shown to be the major antigenic determinants of this organism (5, 15, 27) . Isolated cell membranes of M. hominis were at least 32 times as potent on a protein basis in blocking growthinhibiting antibody to this mycoplasma as the soluble cell fraction (R. M. Lemcke and M. R. Hollingdale, Proc. Soc. Gen. Microbiol. 53: ii, 1968). The production of metabolic-inhibition (MI) antibody in rabbits was stimulated by the cell membranes, but not by the soluble cell content of M. gallisepticum and M. pneumoniae (29) .
It is fairly easy to characterize the serologically active components in mycoplasma membranes when, as in M. pneumoniae, the antigenic determinants are lipids which have a rather high chemical stability. It (3, 26) .
Recent investigations on the organization of the protein and lipid in the mycoplasma membrane have led to a novel method for the selective aggregation of solubilized membrane proteins (Razin, Ne'eman, and Ohad, unpublished data). This and several other methods for the fractionation of membrane components have now been applied to the serological characterization of M. laidlawii and M. gallisepticum membranes.
MATERIALS AND METHODS
Organisms and growth conditions. M. laidlawii (oral strain, OR) was isolated in our laboratory and M. gallisepticum strain A5969 was obtained from M. E. Tourtellotte (University of Connecticut, Storrs). The mycoplasmas were grown statically in a modified Edward medium (18) . In some experiments, 2 uc of oleic acid-9,10-3H (3.02 c/mmole; Radiochemical Centre, Amersham, England) was added to each liter of the growth medium to label membrane lipids (9) .
The organisms were harvested after 16 to 20 hr of incubation at 37 C, washed three times in 0.25 M NaCl in the cold, and resuspended in a small volume of the same solution.
Isolation of soluble cell proteins. Soluble proteins of M. laidlawii were liberated by osmotic lysis of the organisms (18 (12) , with crystalline bovine plasma albumin as standard. Radioactivity was measured in a Packard Tri-Carb liquid scintillation spectrometer model 3375, with the scintillation liquid described by Kahane and Razin (9) .
Preparation of antisera. Antigens with or without Freund complete adjuvant (Difco) were prepared as described by Argaman and Razin (3). The immunization schedule (Table 1) was based on that suggested by Morton and Roberts (13) . The rabbits were bled 3 and 7 days after the last injection and the sera were separated and stored at -20 C.
Adsorption of antisera. Antisera were adsorbed with particulate antigens by the addition of 0.1 ml of the antiserum to the sedimented antigen (containing 1 mg of protein). Adsorption of antisera with soluble cell or membrane proteins was done by mixing equal volumes of the antiserum and the protein solution (10 mg/ml) in phosphate-buffered saline (0.1 M phosphate, pH 7.2, in 0.85% NaCI). The antiserumantigen mixture was shaken at 37 C for 30 min, transferred to a roller-drum, and incubated for an additional 1 hr at 4 C. The test tubes were then centrifuged at 25,000 X g for 20 min, and the supernatant fluid was carefully separated and adsorbed with another portion of the antigen as described above, except that incubation on the roller-drum was for 14 hr at 4 C. For adsorption of antisera with membrane lipids, dried lipids obtained from membranes containing 3 mg of protein were emulsified in 0.3 ml of antiserum, and the adsorption was carried out as described above. The adsorbed antisera were separated by centrifugation at 25,000 X g for 20 min and kept at -20 C until used.
Methods for antigenic analysis. Double-diffusion tests in agar were performed according to Ouchterlony (14) , as described in detail by Argaman and Razin (3) . Growth inhibition tests were done by the method of Clyde (6) . MI tests were carried out in a medium containing glucose, as described by Taylor-Robinson et al. (28) . RESULTS Immunogenicity of cell fractions. The cell membranes of M. laidlawii and M. gallisepticum were at least as effective as whole cells in eliciting MI antibody in rabbits ( Table 2 ). The antibody produced exhibited a high degree of species the gentle osmotic shock method was used for lysis, no membrane fragmentation occurred, so that the soluble cell fraction could be completely separated from the membrane (e.g., 16 and 24) .
Localization of the immunogenic determinants in the mycoplasma membrane rather than in the soluble fraction of the cell could also be demonstrated by adsorption tests. Table 4 shows that the membranes of both organisms most efficiently adsorbed the MI antibody in the respective antisera to whole cells or membranes. When heated to 65 C for 1 hr, the capacity of the membranes to adsorb the MI antibody markedly diminished. Again, the soluble fraction of M. gallisepticum, but not of M. laidlawii cells, was able to adsorb some MI antibody (Table 4) , thus confirming the theory that the soluble fraction of M. gailisepticum was contaminated with minute membrane fragments.
Adsorption of antibody by membrane fractions. The MI tests clearly demonstrated that the major immunogens of the two mycoplasmas were located in the cell membrane. The marked decrease in antibody-adsorbing capacity on heating the membranes pointed to the protein nature of these immunogens. To test this point, several defatted membrane protein preparations were examined for MI antibody-adsorbing capacity. Of the methods employed, the chloroformmethanol extraction was the most efficient in (Table 5) .
However, the lipid-free protein preparation obtained after chloroform-methanol extraction showed a very low capacity to adsorb the MI antibody, as did all the other defatted protein preparations except for that obtained with cold n-butyl alcohol (Table 6 ). The membrane lipids of M. gallisepticum slightly reduced the MI antibody titer, whereas the lipids of M. laidlawii were totally inactive. Table 7 shows the growing reaggregation of solubilized membrane proteins, and the decline in the labeled lipid to protein ratio in the aggregates, with increasing Mg2+ concentration in the dialysis buffer. Reaggregated membranes of both mycoplasmas were efficient adsorbants of the MI antibody in the respective antisera to membranes; some of the protein-rich reaggregated membranes of M. laidlawii were no less efficient than the original membranes ( Table 7) .
Characterization of membrane antigens by immunodiffusion. The anionic detergent SDS has been successfully applied to the solubilization of mycoplasma membrane antigens for agar-gel double-diffusion tests (3) . Since SDS possesses strong denaturation properties which might affect some of the membrane antigens, the milder nonionic detergents Triton X-100 and Brij 58 were tested. More precipitation lines were usually obtained with membranes solublized in the nonionic detergents than with membranes solubilized in SDS (Table 8) , although their solubilization with nonionic detergents was incomplete, whereas with SDS complete solubilization was effected (20) . Table 8 also shows that membrane lipids did not produce precipitation lines with antisera to membranes, but the defatted membrane protein fractions did, though usually fewer than the whole membranes. Positive precipitin reactions were noted even with defatted protein fractions that adsorbed no MI antibody, such as the chloroform-methanol-extracted membranes. The hydrophobic membrane protein fraction constituted an exception in that some of its preparations gave positive precipitin reactions and others were negative. The antigenicity of the various fractions obtained in the stepwise purification of the hydrophobic membrane protein fraction was therefore tested. The first step involves the solubilization of the membranes with a mixture of SDS plus sodium deoxycholate, and precipitation of the hydrophobic proteins with ammonium sulfate at 12% saturation. Figure 1 shows that the supernatant fraction which contained most of the membrane lipids and less than 20% of the membrane proteins was much more active in forming precipitation lines than the sedimented hydrophobic protein fraction. The hydrophobic protein fraction left after the second step, which again involves the solubilization of the crude hydrophobic protein in the detergent mixture and reprecipitation in 12% saturation of ammonium Reaggregated membranes, obtained from each mycoplasma membrane as described, were used for the adsorption of the antiserum to the membrane they were derived from.
b Expressed as counts per minute per milligram of protein. (Table 7) and in producing precipitation lines with antisera to membranes (Fig. 2) retained much of the ability of whole membranes to elicit species-specific MI antibody in rabbits. On the other hand, the hydrophobic membrane proteins were very poor immunogens (Table 9 ).
DISCUSSION
Our results support the thesis that the antigens stimulating the formation of the antibodies inhibiting growth and metabolic activity of mycoplasmas are located in the cell membranes, just as the major immunogens of other microorganisms tend to be located on their surface. Localization of these antigens is of particular significance, as the titer of the MI antibody seems to provide the best index of immunity to mycoplasma infections (17, 28) .
The thermolability of the antigens responsible for the adsorption of the MI antibodies indicated their protein nature. However, the defatted protein fractions were usually less active in MI antibody formation or adsorption than whole membranes. There is little doubt that the harsh extraction of the membranes with chloroformmethanol causes extensive denaturation of the active protein antigens. Extraction of the lipids with cold n-butyl alcohol was gentle enough for the membrane proteins to retain their MI antibody-adsorbing capacity. This procedure has been successfully applied to the fractionation of the erythrocyte membrane antigens (1) and enzymes (22) , so that when properly carried out it seems to lead to minimal configurational changes in the solubilized lipid-free protein.
Removal of the lipids with cold 10% water in acetone was also gentle enough for the defatted fraction to retain a significant part of its immunogenic ability (Table 9) , although this fraction was much less efficient in adsorbing MI antibody, apparently because of its large granules which have a low surface-to-volume ratio.
The hydrophobic protein fraction of mycoplasma membranes resembles in its physical properties the structural protein fraction of mitochondria (7, 23) . Electrophoresis in acidic polyacrylamide gels showed the hydrophobic protein 
